After completing this course, the reader will be able to:
INTRODUCTION
The goal of each antiemetic therapy is to abolish nausea and vomiting. Twenty years ago, nausea and vomiting were common adverse events of certain types of chemotherapy and forced up to 20% of patients to postpone or refuse potentially curative treatment [1] . Clinical and basic research over the past 25 years has led to steady improvements in the control of chemotherapy-induced nausea and vomiting (CINV). The development of the 5-HT 3 -receptor antagonists (5-HT 3 RAs) in the early 1990s was one of the most significant advances in the chemotherapy of cancer patients. Another group of antiemetics, the neurokinin 1 -receptor antagonists (NK 1 RA), has recently been developed, and the first drug in this class, aprepitant, was incorporated into the updated antiemetic guidelines.
In 1998, the first Multinational Association of Supportive Care in Cancer (MASCC) antiemetic guidelines based on the results of the Perugia consensus conference were published, followed by the American Society of Clinical Oncology (ASCO) guidelines in 1999 [2, 3] . Last year, these two guidelines, as well as the National Comprehensive Cancer Network (NCCN) guidelines, were updated [4 -6] . This review compares these three guidelines with respect to the use of antiemetics.
CLASSIFICATION OF CINV
Agreement exists on how to classify CINV. CINV is differentiated into three categories: acute onset (mostly serotonin related), occurring within 24 hours of initial administration of chemotherapy; delayed onset (in part substance P related), occurring 24 hours to several days after initial treatment; and anticipatory, observed in patients whose emetic episodes are triggered by taste, odor sight, thoughts, or anxiety secondary to a history of poor response to antiemetic agents or inadequate antiemetic prophylaxis in the previous cycle of chemotherapy [7, 8] .
EMETOGENICITY OF CHEMOTHERAPEUTIC AGENTS
The emetogenic potential of the chemotherapeutic agents used is the main risk factor for the degree of CINV. In regard to their emetogenic potential, the chemotherapeutic agents are classified into four emetic risk groups: high (90%), moderate (30%-90%), low (10%-30%), and minimal (Ͻ10%), as suggested by all three guidelines (the figures in parentheses represent the percentage of patients having emetic episode(s) when no prophylactic antiemetic protection provided) [4 -6] . Hence, antiemetic prophylaxis is directed toward the emetogenic potential of the chemotherapy (Table 1 and Table 2 ). In the MASCC guidelines, in particular, the emetogenic potential of oral chemotherapeutic agents is recognized separately (Table 2 ). In the revised classifications (MASCC and NCCN), i.v. etoposide is labeled as having low emetogenic potential. However, oral etoposide is classified as having moderate emetogenic potential, implying that there is a 30%-90% incidence of eme- [5, 6] . In a recently published study by Einhorn et al. [9] , oral etoposide seemed indeed to have only low emetogenic potential. Also of interest is that imatinib is classified by the MASCC and NCCN guidelines as a moderately emetogenic agent, whereas the daily use of antiemetics is not recommended in the special case of imatinib by the NCCN. The ASCO guidelines do not implicate any of the oral chemotherapeutic agents in their classification system [4] .
PATIENT-RELATED RISK FACTORS
Patient-related risk factors, including young age, female gender, a history of low alcohol intake, experience of emesis during pregnancy, impaired quality of life, and previous experience with chemotherapy, are known to increase the risk for CINV [4 -6, 10, 11] . In the choice of the optimal antiemetic prophylaxis, patient-related risk factors have no influence on the primary decision. Further research is necessary to verify the usefulness of integrating a patientrelated risk factor profile into the primary decision-making process. This would make sense, considering the wide range of emetogenic potential (30%-90%) in the moderately emetogenic setting. However, whether or not such a model would translate into daily routine practice is questionable.
ANTIEMETICS

5-HT 3 RAs
The 5-HT 3 RAs are without doubt the most effective antiemetics in the prophylaxis of acute CINV. The different 5-HT 3 RAs appear to be interchangeable. The lowest fully effective oncedaily dose for each agent should be used as indicated in Table  3 . The oral and i.v. routes are similarly effective. These statements are supported by all three guidelines.
Dolasetron
All three guidelines recommend the same doses of dolasetron of 100 mg or 1.8 mg/kg i.v. and 100 mg orally.
Granisetron
All three guidelines recommend granisetron at a dose of 1 mg or 0.01 mg/kg i.v., and 2 mg orally (MASCC and ASCO) or 1-2 mg orally (NCCN).
Ondansetron
In regard to the dosing of ondansetron, different statements are given by the NCCN than by the MASCC and ASCO. As such, the NCCN guidelines recommend ondansetron at a dose of 16 -24 mg orally and 8 -12 mg (maximum, 32 mg) i.v., whereas the MASCC and ASCO guidelines recommend ondansetron at a dose of 24 mg orally (MASCC, 16 mg orally for moderately emetogenic chemotherapy) and 8 mg or 0.15 mg/kg i.v. In a recently published meta-analysis comparing low-dose ondansetron (8 mg) with high-dose ondansetron (24 or 32 mg), in a subanalysis in cisplatinbased chemotherapy, high-dose ondansetron appeared to be more effective (p ϭ .012) [12] .
Palonosetron
All three guidelines recommend palonosetron at a dose of 0.25 mg i.v. Oral palonosetron is not yet available. Palonosetron has a significantly longer half-life and a higher binding activity than the other 5-HT 3 RAs. The actual role of palonosetron in comparison with the other available 5-HT 3 RAs is discussed controversially in the guidelines. However, none of the three guidelines designates a preferred 5-HT 3 RA, although palonosetron outperformed ondansetron and dolasetron in some secondary endpoints in one study [13] . For a better understanding, the results of the three available randomized studies with palonosetron in the acute phase are outlined in Table 4 . In a recently published meta-analysis, palonosetron was not included because only two studies were fully published at that time [12] [13] [14] .
Tropisetron
A dose of 5 mg orally or i.v. is recommended for tropisetron by the ASCO and MASCC guidelines, whereas tropisetron is not part of the NCCN guidelines because it is not available in the U.S. 
Steroids, Dexamethasone
Although not approved as an antiemetic, dexamethasone plays a major role in the prevention of acute and delayed CINV and is an integral component of almost all antiemetic regimens [15, 16] . All three guidelines recommend the use of dexamethasone for the acute prevention of highly, moderately, and low emetogenic chemotherapy. For the prevention of delayed emesis, dexamethasone is recommended in combination with aprepitant for highly emetogenic chemotherapy (MASCC, ASCO, NCCN), but not for moderately emetogenic chemotherapy (MASCC, ASCO). Only the NCCN guidelines suggest dexamethasone as a possible combination partner for aprepitant with moderately emetogenic chemotherapy. This recommendation of the MASCC and ASCO expert panel is mostly driven by the study of Warr et al. [17] in patients receiving moderately emetogenic chemotherapy. In that study, aprepitant was given as monotherapy for the prevention of delayed CINV. A complete response rate of 55%, in comparison with 49% for ondansetron, was achieved in the delayed phase. This result might suggest that the combination of dexamethasone and aprepitant in the delayed phase would have greater antiemetic efficacy. This might be the reason for the NCCN panel recommending this combination in the moderately emetogenic setting in the delayed phase. Further studies are warranted to clarify this clinically important question. When combined with aprepitant, dose reduction of dexamethasone (dexamethasone is a sensitive substrate of the cytochrome P450 [CYP] 3A4 enzyme) has to be undertaken. For the prevention of acute CINV, the dose of choice should be 20 (Table 3) . These dose recommendations are largely driven by studies from the Italian Group for Antiemetic Research [18, 19] .
NK 1 RAs, Aprepitant
Aprepitant is the first representative of this new group that blocks the NK 1 receptor in the brainstem emetic center and gastrointestinal tract [20] . So far, it is only available for oral use and should be administered as indicated in Table 3 , as recommend by all three guidelines. Published studies have demonstrated that the addition of an NK 1 RA to standard antiemetic therapy (5-HT 3 RA plus dexamethasone) appears to have a significant effect in controlling cisplatin-induced acute as well as delayed emesis. In all studies, the comparative benefit of the aprepitant regimen was more pronounced in the delayed phase [20 -22] . The use of aprepitant is unanimously suggested by all three guidelines for highly emetogenic chemotherapy and, in part, for moderately emetogenic chemotherapy. In the moderately emetogenic setting, one study has been published so far, which formed the basis for the recommendation of aprepitant for anthracycline and cyclophosphamide-based emetogenic chemotherapy [17] . In that study, by Warr et al. [17] , the triple combination of ondansetron, dexamethasone, and aprepitant used in the first 24 hours, followed by aprepitant monotherapy for another 2 days, proved to be superior over the whole 5-day study period (51% versus 42%; p ϭ .015). However, there was no significant difference in the delayed period (49% versus 55%; p ϭ .064). Because only patients receiving an anthracycline and cyclophosphamide-based regimen were included in this study, the MASCC and ASCO guidelines restrict the recommendation of the triple combination in the moderately emetogenic setting to this "high-risk" chemotherapeutic regimen. The NCCN guidelines, however, recommended aprepitant in the moderately emetogenic setting in selected patients based on the emetogenic potential of the chemotherapy. In the MASCC guidelines, it was noted that no trial so far has compared aprepitant with dexamethasone for delayed emesis with the previous standard of dexamethasone combined with a 5-HT 3 RA in highly emetogenic chemotherapy [5] . In the meantime, a study that addressed this question was published by Schmoll et al. [22] and showed that aprepitant combined with dexamethasone was superior to ondansetron and dexamethasone in the delayed phase.
Aprepitant is a moderate inhibitor of CYP3A4; therefore, the dexamethasone dose has to be reduced, as discussed before. Theoretical concerns that aprepitant might interact with chemotherapeutic agents could not be demonstrated in preclinical and clinical studies so far [23] .
Metoclopramide
Metoclopramide was part of the former MASCC, ASCO, and NCCN guidelines and was suggested for the prevention of delayed emesis [2, 3] . Although metoclopramide was proven to be as effective as 5-HT 3 RAs when combined with steroids in the prevention of delayed CINV [24, 25] , it was not recommended again in the new guidelines in this setting. It was stated that metoclopramide should be reserved for special circumstances, including known intolerance to 5-HT 3 RAs or steroids. However, because 5-HT 3 RAs are recommended as an alternative to dexamethasone in the delayed phase for moderately emetogenic chemotherapy, metoclopramide might also be an adequate alternative, although not recommended by the guidelines. A meta-analysis comparing the 5-HT 3 RAs with metoclopramide in the delayed phase for moderately emetogenic chemotherapy would be beneficial.
Cannabinoids
The combination of weak antiemetic efficacy with potentially beneficial side effects (sedation, euphoria) makes cannabinoids a useful adjunct to modern antiemetic therapy in selected patients. However, the associated side effects of dizziness and dysphoria should not be underestimated. In the ASCO and NCCN guidelines, cannabinoids are advised in patients intolerant or refractory to 5-HT 3 RAs or steroids and aprepitant. Interestingly, in a systematic review of the efficacy of oral cannabinoids in the prevention of nausea and vomiting, it was found that cannabinoids were slightly better than conventional antiemetics (e.g., metoclopramide, phenothiazines, haloperidol). However, their usefulness was generally limited by the high incidence of toxic effects, such as dizziness, dysphoria, and hallucinations.
PREVENTION OF CINV Highly Emetogenic Chemotherapy
Acute CINV All three guidelines unanimously suggest a combination of a 5-HT 3 RA, dexamethasone, and aprepitant within the first 24 hours for acute CINV with highly emetogenic chemotherapy (Table 5) .
Delayed CINV
Trials have indicated that from 60% to nearly 90% of patients receiving cisplatin will experience delayed emesis if not given preventive antiemetics. Therefore, appropri-ate prophylaxis is indispensable. All three guidelines suggest the combination of dexamethasone and aprepitant for delayed CINV with highly emetogenic chemotherapy.
Moderately Emetogenic Chemotherapy
Acute CINV All three guidelines recommend the combination of a 5-HT 3 RA plus dexamethasone with or without aprepitant for acute CINV with moderately emetogenic chemotherapy. However, the key question in this setting is whether aprepitant should be part of the antiemetic prophylaxis. The ASCO and MASCC guidelines recommend the triple combination (a 5-HT 3 RA, dexamethasone, and aprepitant) for patients receiving the combination of an anthracycline and cyclophosphamide-based regimen. The NCCN guidelines, however, broaden the spectrum of the use of aprepitant in this setting and advise use in selected patients receiving other chemotherapies of moderately emetogenic risk (e.g., carboplatin, epirubicin, ifosfamide, irinotecan).
Delayed CINV
Dexamethasone is the preferred agent to use for delayed CINV with moderately emetogenic chemotherapy. Nonetheless, when aprepitant is used for the prevention of acute CINV then it should also be used for the prophylaxis of delayed CINV as monotherapy, as stated by the MASCC and ASCO guidelines. As discussed before, the NCCN guidelines suggest aprepitant with or without dexamethasone in this situation. A 5-HT 3 RA can be used as an alternative, although their therapeutic role in the delayed phase is rather limited [26] . In contrast to all three previously published guidelines, metoclopramide is not reflected in the new guidelines as an alternative option (see above).
Low Emetogenic Chemotherapy
The MASCC and ASCO guidelines unanimously recommend the use of a steroid alone in the first 24 hours and no prophylaxis beyond 24 hours for acute CINV with low emetogenic chemotherapy. The NCCN guidelines recommend prochlorperazine or metoclopramide as well, as alternative drugs to dexamethasone.
Minimally Emetogenic Chemotherapy
All three guidelines suggest that, for patients treated with agents of low emetic risk, no antiemetic drug should be routinely administered before chemotherapy.
MANAGEMENT OF BREAKTHROUGH AND REFRACTORY CINV
Breakthrough CINV is defined as an event that happens in spite of optimal preventive treatment. Refractory CINV is CINV that recurs in subsequent cycles of therapy when all previous preventive and rescue treatments fail. If optimal treatment has been given as prophylaxis, repeated dosing of the same agents is unlikely to be successful; the addition of dopamine-receptor antagonists (metoclopramide) might be useful, or adding other agents such as benzodiazepines or neuroleptics. Olanzapine, an atypical neuroleptic, could also be considered, as suggested by the MASCC and NCCN guidelines. The role of palonosetron, a new 5-HT 3 RA, has not yet been defined in this setting [5] .
MULTIPLE-DAY CHEMOTHERAPY
For multiple-day cisplatin, the expert panel creating the MASCC guidelines recommended the use of a 5-HT 3 RA in combination with dexamethasone for acute CINV and dexamethasone alone for delayed CINV. The use of an NK 1 RA remains to be defined, as stated by the MASCC. However, the NCCN guidelines advise the application of aprepitant for at least the first 3 days, in analogy to highly emetogenic chemotherapy. Furthermore, the NCCN guidelines explicitly mention palonosetron in this setting.
OTHER ANTIEMETICS Benzodiazepines
Benzodiazepines can be a useful addition to antiemetic regimens in certain circumstances, such as anxiety and risk reduction of anticipatory CINV or in patients with refractory and breakthrough emesis, as suggested by all three guidelines.
Antihistamines
Although often administered, studies with diphenhydramine or hydroxyzine in the prevention of CINV have not shown any antiemetic activity [4] .
Olanzapine
Olanzapine, an atypical antipsychotic drug, has potential antiemetic properties because of its action at multiple receptor sites implicated in the control of nausea and vomiting [27] . In a phase II trial of olanzapine in combination with granisetron and dexamethasone for the prevention of CINV, the combination therapy proved to be highly effective in controlling acute and delayed CINV in patients receiving highly and moderately emetogenic chemotherapy [28] . In 10 patients receiving highly emetogenic chemotherapy, a complete response (no emesis, no rescue) was achieved in 100% of patients in the first 24 hours, and in 80% of patients on days 2-5. Results for moderately emetogenic chemotherapy were similar. The latest phase II study by Navari et al. [29] showed exceptionally high complete protection rates from both acute and delayed CINV using a combination of palonosetron (day 1), dexamethasone (day 1), and olanzapine (days 1-4) in patients receiving highly or moderately emetogenic chemotherapy. As a consequence, olanzapine is mentioned by the MASCC and NCCN guidelines for the treatment of refractory and breakthrough emesis. A dose of 2.5-5 mg olanzapine is suggested.
CONCLUSION
Treatment guidelines are important because they provide clinicians with a series of recommendations developed from the consensus opinions of international experts based on their interpretation of the most recent clinical trial data. Despite some differences among the MASCC, ASCO, and NCCN guidelines, all provide updated references and recommendations to guide the optimal use of antiemetics. However, the need for more effective practical implementation of treatment guidelines is crucial to improve the quality of care of cancer patients.
